wo 2005/092671 



IAP9 Rec 




1 



\nBHICLE AND A SmENGTHENING MEMBER FOR A VEHICLE 



The present iii\^ention relates to structural reinforcements for the vuhierable areas of a 



vehicle, such as a road vehicle. 

Many fatalities occur annually in road vehicle accidents. A proportion of these fatalities 
result firom "looking but not seeing", caused b}' obstruction of field of vision by 
structures of the vehicle such as a-pillars, or jfrom rollover roof crush or impact through 
the vsdndscreen, v^hich form the most dangerous forms of accident. 

A number of systems have been employed in the past to reduce the effect of these 
accidents. For example, in US5653497 and US5860689 the windscreen is protected 
from roof crush by placing an impact resistant barrier around the periphery of the 
windscreen. The strengthening this provides only extends to the wmdscreen itself and 
there is some problem with an effect on peripheral vision through the v^dndscreen. 

It is also knoVkOi in the field of motor racing to customise vehicles by welding in extra 
strengthening members. However, these strengthening members are not appropriate for 
noraial vehicles, because they are very obstructive and potentially dangerous for 
persons travelling the vehicle. They can obstruct the space ^vithin the vehicle and 
obstruct vision. 

Sports utility vehicles (SUV) are commonly provided with roll bars which are intended 
to provide vertical protection in a rollover accident, but are unable to protect against 
^vindscreen impacts. A niraiber of systems have been provided in which the bonnet of a 
vehicle is raised upon impact, for example by the operation of impact sensors, but the 
protective effect is not found to be sufficient and the driver is not able to see through the 
bonnet when it is raised, which is extremely hazardous. This can be a problem 
particularly for drivers with short backs or where the seat is too low. 
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EP-A-1 186483 discloses pop-up roll bars which ma}^ be located behind the seat of a 
vehicle, particularly a soft-top vehicle which spring into position behind the driver's 
head in the case of impact However, they are not able to provide any protection to a 
%vindscreen impact from the front and have limited protection against roof crush. 

The present inventor has set out to provide a strengthening member for a vehicle for 
protecting the driver or passengers in the vehicle from rollover roof crush and from 
penetration of objects through the windscreen. 

Accordingly, in a fu-st aspect, the present invention provides a road vehicle comprising 
at least one strengthening member fixed to a structure of the vehicle, and extending in 
front of die driver^s position, the strengthening member being dimensioned so that it 
will not prevent the driver seeing an object which is at least 2m from the front 
windscreen, when the driver uses binocular vision and without requiring the driver to 
move the driver's head. 

The inventor has realised that the conventional belief that optimum vision can only be 
obtained if there are no structural components between the. driver and the windscreen is 
not correct. The inventor has realised that a strengthening member can be designed 
which has minimal visual impact but which significantly enhances the strength of the 
vehicle, in particular resistance to impacts from the front and roof crush. 

The first aspect of the invention also provides a strengthening member for use in a road 
vehicle, for fixing to a structure of the vehicle, and for extending in front of the driver's 
position, the strengdiening member being dimensioned so that, when in use, it will not 
prevent the driver seeing an object which is at least 2m from the front vmidscreen, when 
the diiver uses binocular vision and without requiring the driver to move the driver's 
head. 

In a conventional road vehicle, the present invention preferably provides at least one 
strengthening member extending between the front structure of a vehicle and a top 
frame of the front windscreen. 
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The strengthening member of the present invention can also be applied to vehicles, 
which axe not constructed in the same way as a nonnal road vehicle, for example 
formula racing cars or unconventional energj' saving vehicles, which are cmxently being 
experimented with. Many of these vehicles have a pod- like curved windscreen which 
extends around the driver and/or passengers. Where the vehicle has a windscreen, 
whether in a conventional vehicle or an unconventional vehicle, the strengthening 
member is preferably fixed to a structure of tlie vehicle and extending adjacent the front 
windscreen, the strengthening member exi:ending betsveen lateral edges of the front 
windscreen. In some racing cars, there is no windscreen at all, in which case the 
strengthening member can be provided extending in front of the driver's position. 

By "in front of the driver" it is meant that the strengthening member is located ahead of 
the driver's position, along the longitudinal axis of the vehicle, when seen in side view. 
It is not necessary that the strengthening member is placed directly in front of the 
driver's position. Many vehicles are designed with a notional centre line. The driver's 
position is conventional^ located to one side of this centre line. In this case, the 
strengthening member may be located on the centre line, on the same side of the centre 
line of the driver's position or to tlae other side. Preferably, it is located substantially on 
the centre line. 

The present inventor has also realised that movable strengthening members can be 
provided which move from a storage position in which they are not substantially visible 
to the driver when looking straight ahead, to a reinforcing position extending between 
structural members of the vehicle. In this aspect of the invention, the reinforcing 
member is substantially or completely invisible during normal use of the vehicle, being 
only put into position in the case of an accident 

Accordingly, in the second aspect, the present invention provides a vehicle comprising 
at least one strengthening member which, in a first, storage position is retracted and in a 
second, extended position, extends between stmctures of the vehicle, and operating 
means for moving the strengthening member from the first position to the second 
position, wherein if the reinforcing member is for extending adjacent the front 



wo 2005/092671 PC T/IB 2005/000985 

4 

windscreen in the extended position, it remains possible for the driver to see through at 
least part of the front ^vuldsc^een. 

The second aspect of the invention further provides a strengthening structure for 
mounting in a vehicle, the strengthening structure comprising a strengthening member 
and operating means for moving the strengthening member from a first, storage position 
to a second, extended position, the operating means and the strengthening member 
being configured to engage structures of the vehicle. 

One embodiment of the design of strengthening member for use in the first aspect of the 
invention is considered to be mventive its ovm right Accordingly, a third aspect of the 
inventions provides a strengthening member for mounting in a vehicle, formed of at 
least two first linearly extending structural units for extending fi'om the front stmcture 
of the vehicle and second linearly extending structural units joining the at least two first 
linearty extending units, the second structural units being not horizontal, and wherein 
the first linearly extending structural \mits of the strengthening member have a width in 
the horizontal plane not exceeding 65mm, preferably not exceeding 50mm. 

The horizontal plane is taken to be' the plane which v^all be horizontal when the 
strengthening member is put in position. 

Preferably, in the third aspect of the invention, there are at least three first linearly 
extending structural imits. 

In the second and third aspects, the vehicle is preferably a road vehicle. However, the 
inventions are inherently applicable to all cabin-spaces with occupants of vehicles or 
vessels, whetlier static or travelling on road, racetrack, in the air and space, or at sea. 

In the first, second and third aspects, the vehicle is preferably a passenger carrjdng road 
vehicle. 

Preferred features of the first, second and third aspects of the invention will be 
described below in more detail. 
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Throughout the present description, reference will be made to conventional passenger 
motor cars. Conventional passenger motor cars have eight parts which are traditionally 
thought to have an influence on roof crush resistance: 

The outer a-pillai\ the outer b-pillar, the side panel, the inner rear reinforcement 
hinge pillar, the reinforcement lower hinge pillar, the b-pillar, the inner a-pillar, the roof 
side frame and roof side panel. Reference will be made to these structures throughout 
where necessary. 

FIRST ASPECT - FIXED STRENGTHENING MEMBER 

Preferably, as noted above, the vehicle has a windscreen and the strengthening member 
extends adjacent to the front windscreen of the vehicle, extending between lateral edges 
of the front windscreen. 

By "extends adjacent the front windscreen" it is meant that tiie strengthening member is 
located either in front of tlie wdscreen or bet^^een the driver and the front wmdscreen. 
Preferably, the strengthening member is place either abutting the front windscreen or 
spaced from it by a small distance, for example in the range 2-20cm, as explamed 
fiuther below. 

It is particularly preferred that the reinforcmg member is located inside the passenger 
compartment of the vehicle. This has the particular advantage of being able to arrest the 
windscreen in the case of a collision, as ^vill be described fiirther below. It also places 
the strengthemng member in a position in which it is less likely to obstruct vision of the 
ofEside carriage way of a road. 

The strengthening member must be fixed to at least one stracture of the vehicle. This 
may be the front structure of the vehicle or a top frame of the front windscreen. 
Preferably, as noted above, in a conventional vehicle, the strengthening member 
extends between and is fixed to the front structure of the vehicle and the top frame of 
the window. This provides a strong structure and the greatest degree of crush resistance 
in the case of the rollover. 
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The strengthening member is optionally removable to be taken out and re-installed 
manually. The strengthening member may then be securely locked in place, for 
example with a rapid solid bolt-system/slither, made to suit each individual road-car or 
motor-sport-car design (easy clip quick-lock/screw-lock bolt system similar to 
convertible roof fastening mechanisms). Further, the whole windscreen with the 
strengthening member and optionally tvv^o A-pillars may thus be removable, for example 
for convertibles. 



The strengthening member may be integrally formed with at least one of the 
\vindscreen, the instrument panel beam or a front exterior structure of the vehicle. 

It is noted that in many vehicles the front v^dndscreen is swept back at a substantial 
angle to the vertical. This means that the top part of the ^^dndscreen and the top fi^e 
of the front \vindscreen are located relatively close to the level of the driver's head. By 
providing the strengthening member adjacent the top frame of the front windscreen, 
good support in the case of a rollover can be provided. Additional strengthening 
members can be provided as discussed further below. 

It is possible that the strengthening member should only extend for a part of the length 
of the front windscreen. Preferably, however, it extends for at least 75% of the length 
of the front windscreen. 

A strengthening member can have structural and deflective safety properties while 
having an opening, or a partial opening, at some area in front of or below the typical 
position of the interior rear- view-mirror. 

The strengthening member suitably extends in the direction of the front-rear axis of the 
vehicle. However, it may be slightly inclined mth respect to this axis, when seen in top 
plan view, if appropriate. 
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Additional strengthening members may be provided extending between the top fiame of 
the front windscreen, along the roof structure to the top j&ame of the rear windscreen, 
and/or from the top frame of the rear windscreen to a rear structure of the vehicle. 
These may be formed continuously with the strengthening member which is placed 
adjacent the front windscreen. They may be formed of separate components which are 
then placed extending contiguously with one another. They may be connected by any 
suitable method, for example bonding, welding, gluing or mechanical fixing. 

It is particularly preferred that the present invention provides a strengthening member 
according to the first aspect of the invention in the form of an arch. It may provide a 
smoothly curving arch. By "smoothly cm-ving" it is meant that at least one edge of the 
arch comprises no section in which tihe radius of cun^ature is less than 5mm and 
preferably not less 10mm, most preferably not less than 20inm. 

The strengthening member may be built up from a single structural member or a 
plurality of structural members connected together. 

The strengthening member may be made of at least one structural member which, in 
cross section has a smoothly curving profile on the faces which face into the passenger 
compartment. 

Tlie strengthening member may be made of structural members which, m cross section, 
are solid or hollow. 

In order to allow the strengtiiening member to be placed adjacent the front windscreen, 
the three-dimensional configuration of the strengthening member is preferably designed 
as follows. 

The member may become narrower in the direction towards the front of the vehicle. It 
is parts of the structure which are furthest from the driver which are most likely to 
interfere with the driver's vision and it is desired to make these as small as possible. 
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The structure may becorae narrower from top to bottom, in the direction of the width of 
the vehicle. This allows parts near the base of the windscreen, which are most likely to 
obstruct tlie driver's vision, to be made small whilst providing a strong engagement 
with other parts of the vehicle at the top. This can be achieved by giving the 
strengthening member a V shape or Y shape when seen from the front. In side-view, 
the strengthening member may become narrower fi*om the bottom to top, to provide a 
rigid strut like stmcture. Altematively, it may be substantiall)'' the same length in the 
direction of the vehicle, fi-om top to bottom, as long as this does not interfere with 
driver's vision- 

The strengthening member may, in side view, be swept back from bottom to top, as this 
is the configuration of windscreens of Eihnost all vehicles. 

In one embodiment, tiie strengthening member has the fonn of a triangular- prism which 
has been sheared in the vertical plane, or a truncated sheared triangular pyramid. 

In all embodiments, the strengthening member is preferably not solid, to further reduce 
visual obstruction. It may be made of perforated material or webs of solid material 
surrounding spaces. Altematively, it may be constructed out of linearly extending 
structural units combined together to provide a strong structure v^th minimal visual 
intrusion. 

The strengthening member may be formed of at least two first linearly extending 
structural units extending from the front structure of the vehicle to the top frame of the 
front vidndscreen and second linearly extending structural units joining the at least two 
first linearly extending structural imits. In this case, the second structural units are 
preferably mounted so that they are not horizontal. This further reduces the tendency to 
obscure parts of the field of vision of the driver. There may be three of the first linearly 
extending structural units, each joined to the other tv^^o by second structural units. The 
three linearly extending structural units may be positioned in a triangular arrangement. 
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A strengtbeimxg member can be produced by cutting and folding ftom one sheet of 
material into the final shape. Laser-cutting, hydro-forming, welding if required, or any 
manufacturing technique may be used. 

Honeycomb sand^vich structure composite materials of any nature may be used for 
example steeytitanium/carbon fibre/Kevlar/ plexi/reinforced polyamide 66/Glassfibre- 
reinforced PP, or any new alloy ). 



To further minimise visual obstruction, the strengthening member may be configured 
with a front structural unit and a rear structural unit, the front and rear structural unit 
lying substantiaUy in line with the normal position of the driver for driving. In this way, 
allhlugh there are two structural members giving strength, only a single unit is seen by 
the driver when viewed with one eye and visual intrusion is minimized when viewed 
with both eyes. 

Preferably, the fust linearly extending structural units of the strengthening member have 
a width in the horizontal plane not exceeding 65mm, preferably not exceeding 5cm, 
most preferably not exceeding 3.5cm, to minimise visual obstruction. The first linearly 
extending structural units of the strengthening member preferably have a width in the 
horizontal plane which does not exceed the distance between the eyes of the driver. 
Most drivers have an eye separation falling m the range 5.5-6.5 cm. The width of the 
structural unit is preferably less than this and preferably less tlian 65% of minimum 
nomial eye separation. The horizontal plane is taken to be the plane which %viU be 
horizontal when the strengthening member is in position in a vehicle in the normal 
upright configuration of the vehicle. 

Preferably, the second structural units have a width in the horizontal plane which is les 
than 65mm, preferably less than 50mm. Preferably, they are not horizontally aligned. 

Preferably, the separation between the first linearly extending structural units in the 
horizontal, plane is at least 65mm. 
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If the maximum width of the structural units is equal to 50% of the eye separation of the 
driver, the driver will be able to see, iising at least one eye, any object which is the same 
distance away from the structural imits as the distance from tiie driver to the structural 
unit. As the normal distance from the driver to the strengthening member will be less 
than Im, the driver will be able to see objects which are aroxmd Im or more away from 
the strengthening member. 

It is noted that, where Ihe strengthening member is placed adjacent the front 
windscreeru for example centrally, it should have a lower visual iQtrusion than the type 
of front a-pillar conventionally used. These are typically constructed of soUd, visually 
obstructive material and of a thickness wider in the horizontal-plane than the eye 
separation of a driver. 

In practice, the vision of the driver is considered to be acceptable if not more than 6° of 
visual field is obstructed by the strengthening member. 

The strengthening member is preferably mounted so that it does not contact the front 
\\dndscreen along the whole length of the strengthening member. Preferably the 
strengthening member contacts the windscreen for less than 50% preferably less than 
40% and preferably less than 20% of its length. Preferably, parts of the v^dndscreen 
where the strengthening member contacts the windscreen are restricted to upper parts of 
the windscreen, for example in the area of the centrally mounted rear view mirror. This 
further reduces visual obstruction. 

It also has the benefit of not increasing the stiffiiess of the lower part of the v^dndscreen, 
but providing increased ability to absorb impact. In particular, it has been observed that 
in many types of impact collision with the windscreen, for example dxmng collision 
with a cyclist or pedestrian, the cyclist or pedestrian frequently contacts the lower part 
of the windscreen. This in fact is often made head frrst, causing many fatalities. By 
providing a space between the strengthening member and the lower part of the 
windscreen, the lower part of the windscreen is enabled to flex a short distance, 
absorbing some of the energy of coUision. However, it is then arrested by the 
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Strengthening member before moving backwards any further, preventing Hie windscreen 
or the object striking the driver. 

Tlie strengthening member itself may be designed with energy - absorbing properties. 
In particular, the portion of tiie strengthening member forthest away from the driver 
may be made so that it wUl flex or crumple upon impact, to absorb impact This is 
particularly the case where the strengthening member is designed so that it increases in 
mdth from front to back, so that tlie front is relatively hghtly constructed. It is 
desirable to design the strengthening member so that it will deflect for approximately 
10-20cm m case of collision from the front or a rollover preferably 10-12 cm. However, 
preferably it wiU not move so far as to endanger the driver. 

The strengtliening members according to the present mvention may be manufactured 
from cast, pressed, forged or built up structures. 

Strengthening members according to the present invention may be finished on the 
inside, where they face the passenger compartment, with impact absorbing material, for 
example expanded elastomeric material or padding similar to the upholstery of the 
interior of a vehicle, and in accordance with legislation relating to vehicle construction. 

A strengthening member according to the present invention should extend from at least 
one fixed structure adjacent a panel or window of the vehicle, for example a frame for a 
window. This gives it a firm fixmg position. Preferably, it extends between stmctures 
of the vehicle located on opposite edges of the panel or vehicle, to form a strong bridge 
between these structures, thereby augmenting the structural sfrength of the vehicle. 

Additional strengtliening members may also be provided. At least one strengthening 
member may be provided m contact ^^dth the vehicle roof TMs is particularly 
applicable in hard top/ cabriolet cars. The strengthening member may continue 
spanning tiie roof as the spread profiles backwards along the central roofline / cover 
connecting ^vith the roof cross profiles between the pillars for additional support. 
Preferably, the sti^ngthening member contacts tlie upper rear window frame. 
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Preferably, tiiere is a strengthening member in contact with the rear windscreen along 
substantially its whole length to the lower end of the rear window area. 

When a strengthening member is provided adjacent the roof, this can provide additional 
reinforcement, for supporting roof box loads. It also provides a possibility of a central 
longitudinal roof rail for more secure attachment of miscellaneous cargo carrying 
devices on the roof. 

This can provide resistance to impacts against the front wdndscreen, roof or rear 
windscreen. The structure can integrate with existing vehicle stmctm*es to enhance the 
total strength of the whole combination. Connection between strengthening members 
and the rear windscreen or the roof may be of any suitable means, for example, adhesive 
or mechanical connections. Longitudinal strengthening members may be additionally 
provided extending for example along the transverse edges of the front windscreen, 
roof, or rear windscreen. Transverse strengthening members ma^^ be provided 
extending from the a-pillar, b-pillar or c-pillar towards a strengthening member 
mounted adjacent the front windscreen, roof or rear windscreen as appropriate. This 
can provide additional rigidity and strength. Further, intemal strengthening members 
extending from the vehicle chassis to the roof or to a strengthening member adjacent to 
the roof may be provided within the vehicle to provide additional resistance to cmshing. 

The additional strengthening members maj' be constructed in the same way as the 
strengthening member of the invention. For example, for lightness, they are preferably 
constructed out of li^t material. Preferably, they are constructed with lightening spaces 
in their structure. Preferably, they are constructed from a pluralitj^ of linearly extending 
structural units. 

hi a particularly preferred embodiment, the structural design of the strengthening 
member of the invention may be applied to the structure of conventional pillars of the 
vehicle, including the a-pillars, b-pillars or c-pillars. In tliis way, the visual obstruction 
to the driver to the sides can be impi^oved. 
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In particular, these components of the vehicle are preferably each configured so that 
they do not prevent the driver seeing an object which is at least two metres from the 
respective structure of the vehicle, and preferably at least one metre from the respective 
structure of the vehicle, when the driver uses binocular vision and without requiring the 
driver to move the driver's head. 

Each of the a- pillars, b- pillai-s or c- pillars is preferably not solid, to further reduce 
visual obstruction. Each may be formed of perforated material or webs of solid material 
surrounding spaces. They may each be constructed from a linearly extending structural 
units combined together to provide a strong structure with minimal visual intrusion. 
They may each be formed of at least two first linearly extending structural units and 
other linearly extending structural units joining the at least two linearly extending 
structural units. In this case, the second structural units are preferably mounted so that 
they are not horizontal. Preferably, structural units of the a-pillar have a ^vidth not 
exceeding 65mm, preferably not exceeding 50mm,most preferably not exceeding 
3.5cm, to minimise visual obstruction. Preferably, at least the a-pUlars are mounted so 
that they are adjacent the front windscreen along the whole length of the a-pUlars, the a- 
piUars preferably contacting the wndscreen for less than 50%, preferably less than 40% 
and preferably less than 20% of their length. 

In one preferred embodiment, all of the sfrengtbening member accordmg to the 
invention adjacent front ^vindscreen, the a-pillars and the b-pillars and, optionally, the c- 
pUlars are formed according to the principles of tbe constructions of the strengthening 
member of the invention. Preferably, they are all constructed with lightening spaces in 
them, being preferably all constructed from a pluraUty of linearly extending members. 

This can give a very open "cage like" structure to the vehicle, with very high degrees of 
vision to the front, to the sides and, optionally, to the rear as well. High strength for 
resisting impact can however be provided. If necessary', high strength/low weight 
materials may be used. 
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It is noted that the vision in the direction of the c-pillars is probably the least important 
and these parts can be made of solid structures in thfe conventional manner, to save 
costs. 

It is an advantage of the present invention that, where a strengthening member is 
provided adjacent the front windscreen, it ma^^ be possible to form the a-pillars of the 
vehicle in a less bulk}^ fashion than is the current practice. That is, they can be made 
smaller or they can be made of structures having spaces therein. In this way, good 
vision to the side can be obtained. 

Tens of thousands of fatal accidents a year can be attributed to collisions ^^dth objects to 
the side of a vehicle. The additional strength provided to the centre of the windscreen 
by the strengthening member of the present invention will allow the a pillars to be less 
visually obstructive and to reduce this kind of accident. 

The windscreen may also be made voider than is normal. It may be so wide as to be 
directly adjacent to the side-\vindows of the doors, when seen from the exterior. The 
preferred method of securing the position of the windscreen onto the strengthening 
member and a-piUars is bonding on the outer edge of the strengthening member and a- 
pillars. A space between these members and the windscreen may be provided in 
selected places in order to benefit from the laminated windscreens inherent shock 
cushioning. 

To further optimise the field of vision properties during all driving conditions, the 
\viQdscreen may be formed or coated with a suitable material to reduce glare and dazzle, 
for example ITS variable electro-photo-chromatic ray screening capabilities to protect 
the driver from strong simlight and reflections. 

The safety benefit which can be obtained with the present invention include: 

Superior field of vision is possible for all driver/pilots compared to conventional 
designs 

Rollover roof crush protection 
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Deflection protection from windscreen impacts. 

The provision of a physical barrier for external objects (including large 
mammals pedestrians etc.) penetrating iuto the passenger cabin through the windscreen, 
roof or rear window. 

Reduced ejection of driver/passengers in a crash, if lixey are not wearing seat belts. 

Windscreen support to improve resistance to cracks from stresses and impacts. 

Possible central secure attachment of heavy roof load/ski boxes, allowing an 
increased carriage of weight. 

Increased reinforcement to windscreen/frame/support-structure with 
significantly reduced risk of object impact/penetration in collision conditions with 
rollover impacts at multiple angles. 

Increased confidence of vehicle passengers relating to protection from top 
impacts, so that they will more readily wear seat belts. 

In a preferred embodiment, the driver's seat is located in a fixed position, so that the 
position of the driver wth respect to the strengthening member is substantially fiixed. In 
tiiis case, it will also be preferable that the controls of the vehicle are adjustable. For 
example, the steering wheel, seat, control handles and pedals may be adjustable so that 
they are at the right place for the driver. Such a positional alignment can be 
implemented automatically by sensors and electro-motors. 

Also, or alternatively, die angle of the central strengthening member may be turned 
around its own axis, for example by a bolt/joint-system, manually or automatically, in 
order to align in tiie centre middle between the e^yes of the driver, for optimal 
transpa^enc3^ 

The strengthening member (and, optionally, the a pillars) may be asyrometrically 
aligned towards the position of the eyes of the driver for optimised transparency. The 
angle of the pillars may thus secure that the material ^vidth in the horizontal plane is 
always significantly less than the widtii between the drivers' eyes, and most preferably 
less than 40mm, whilst allowing the structural imits to have sufficient thickness to have 
strength. The space between structural xxaits of the strengthening member should be 
65mm or sliglatiy more in the horizontal plane in order to secure that material does not 
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block the lines of vision as the individual pupils of the eyes are considered to be spaced 
no more thaa 65mm. 



The present invention may also provide additional benefits including increase in chassis 
rigidity and torsional stabihtj^ for improved road handling under load and less tiring 
road and wind noise, and improved driver alertness due to reduced strain fi:om fear of 
collision. This can increase resistance to fatigue, better sensory perception, better 
coordination and better reaction times, due to efficient and ration£d cognition. 

In order to prevent the additional structure provided by the strengthening member 
increasing the weight of the vehicle excessivelj'^ and raising the centre of gravity of the 
vehicle, it is desired to form it from hght but very strong material. 

The strengthening member may be formed of any sintable material, including modem 
light and strong materials such as metals, metal alloys (e.g. boron steel), composites 
including for example steel/titaniuni/alurainiimi/ zinc/copper/steel and/or 
KEVLAR/synthetic-fibre/hyperstructures or other composite materials made using 
synthetic poljraeric materials, or wood/polymeric material composite. Carbon fibre may 
be used. Transparent contemporary generation strength plastics may be used provided 
that the stmctures are aligned such that, with respect to the driver's position, they do not 
optically distort the driver's perception of the road, nor reflect sun-light unfavourably. 

Where an additional strengthening member is mounted adjacent to the roof, it is 
preferably in contact with the roof to increase the strengthening effect and to reduce 
phj'^sical intmsion into the passenger compartment This can reduce the danger of 
impact with passenger's heads and stmctures of the vehicle. The strengthening member 
ma)^ be provided witli an impact-reducing surface on the inside, for example energy 
absorbing material such as padded upholster)'^ or other resilient surfaces. 

The structural elements of the strengthening member are suitably rounded in shape so 
that no sharp edges are presented which may cause injury to passengers. 
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A strengthening member according to the present invention may be provided for any 
suitable t>'pe of vehicle, including sports utility vehicles, multipurpose passenger 
vehicles (MPVs) sports cars, saloon cars/hatch backs, station wagon/estate cars, buses, 
trucks, people carriers or any other tj^e of vehicle, as well as aircraft, spacecraft, trains 
or ships 

The present invention may be used for conventional designs of vehicle which have a 
front structure for housing an engine or for providmg storage space and a rear structure 
for providing storage space or housmg an engme. However, the invention may be 
apphed to unconventional designs of vehicle in which the front structure of the vehicle 
comprises part of the vehicle frame. For example, Ihe present invention may also be 
used in experimental types of vehicle in which machmery is mounted in longitudinally 
extending frame, the superstructure being buUt on the frame. The present invention can 
advantageously provide a strengthening member extending from a front part of such a 
frame (a front structure of tlie vehicle) for providing an additional protection behind the 
very large front windscreen. 

Tlie strengthening member of the present invention can be provided at relatively low 
cost. It can t^e provided as an additional item for insertion mto an existing ^^ehicle. 
Alternatively, it may be integrated v«th the vehicle structure durmg production in a 
simple, efficient fashion. 

The remforcing member of the present invention may provide a suitable mounting for 
additional devices, selected from: 

1 . a centre mounted %vindscreen wiper, having a high or centre windscreen 

pivot point; 

2. a front ^vindscreen de-mister; 

3. a mounting for a rear view mirror; 

4. a mounting for small high performance beam lights and/or hazard blinkers; 

5. a mounting for instruments or warmng lamps for the driver. These may be 
closer to the visual field of the driver than the dashboard. 

6. monitor screens (for example rear view/dead-spot cameras of SiemensATDO 
type; 
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7. sensors of various capacities. 
THIRD ASPECT OF THE INVENTION 

The strengthening member of the third aspect of the invention may have any appropriate 
features as described above for the strengthening member of the first aspect of the 
invention. 

SECOND ASPECT OF THE INVENTION - MOVABLE STRENGTHENING 
K4EMBER 

As noted above, the second aspect of the invention provides a vehicle vnih a 
strengthening member with two positions. The strengthening member is preferably 
positioned adjacent to ttie front windscreen in the second position, to resist impact. 

The vehicle is suitably a road vehicle, preferably a passenger carrying road vehicle. 

The operating means for moving the strengthening member from the first position to the 
second position may be activated by any suitable means. For example, it may be 
activated by the driver or by automatic means. Automatic means are preferable, as they 
may be configured wiih a much faster reaction time. For example, a detector means ma^^ 
be provided for determining if the vehicle has impacted an object, for example, a large 
mammal or cyclist or if the vehicle is startmg to rotate at a dangerous angle which may 
lead to rollover. Alternatively, an object sensor may be provided for detecting objects 
located in front of the vehicle. For example, a short-range radar detector, or thermal 
detector may be provided configured to detect the spectrum of heat generated by a 
living bod5^ Any combiaation of these sensors may be provided. 

Suitable sensors are available to the person skilled in the art and they can be set at the 
correct sensitivity in order to move the strengthening member from the storage position 
to the first position to the second position under the correct conditions. Suitable sensors 
have been designed in connection with the ERTICO programme. 
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The first position may store the strengthening member either inside the passenger 
compartment of the vehicle, or outside the passenger-cairying compartment. Similarly, 
the strengthening member may he inside the passenger compartment of liie vehicle or 
outside it in the second position. Preferably the strengthening member is mounted inside 
the passenger compartment in tlie first position. Tliis has the advantage &at in the case 
of a collision, for example caused by an object striking the windscreen, if the 
reinforcmg member is located within the vehicle, it will have time to react whereas if it 
were outside the vehicle, it would be too late. However, it may still be positioned 
outside the range of movement of diiver/passengers therefore not producing fiorther 
hazards. 

As noted above in relation to the first aspect of the invention, a combination of a 
windscreen and a reinforcmg member located behind the windscreen can provide a 
cushioning effect in that if the veHcle strikes a pedestrian, the pedestrian will initiaUy 
contact the windscreen causing it to flex backwards and reduce the impulse deUvered to 
the pedestrian, the windscreen and pedestrian being arrested by the reinforcing member. 

The strengthening member is preferably configured so that, in the second position, it 
extends between any suitable structures of the vehicle, so that it is supported at both 
ends, giving a strong structure. The structural members may include wmdows or panels 
of the vehicle structure, but it is particularly preferred that the strengtliening member 
should extend betvs^een frame components which are relatively rigid. The strengthening 
member may be mounted so that it moves to a second position m which it extends 
between the chassis and the roof or between the top structure of the rear windscreen and 
the rear of the vehicle. This may provide additional resistance to crushing. The 
strengthening member may be stored in the first position for example behind the seats 
of the vehicle. Receiving structures may be formed m the roof or along the top structure 
of the rear window to receive the reinforcing member. 

For example, the strengthening member may be mounted so that, \n the first position it 
is mounted behind or within the seat of the driver or the passengers and/or a head rest of 
the seat, and in the second position locks into to solid supports formed in the roof 
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structure. This can provide direct protection to passenger's or driver's head in case of a 
roll over. 

The operating means for moving the strengthening member from the first position to the 
second position may be any suitable means, for example^, resihent means may be 
provided. The resilient means may bias tlie strengthening member from the first 
position to the second position, movement of the strengthening member being prevented 
until tlie means for the moving the strengthening member is activated, for example ets 
described above. 

The operating means for moving fte strengthening member from the first position to tiie 
second position preferably moves the strengthening member very quickly from the first 
position to the second position. Suitably the strengthening member is moved from the 
first position to the se-cond position in a time period of less thau one second, more 
preferabl5' less than 0.5 seconds and preferably around 0. 1 seconds. 

The strengthening member may be moved from Ibe first position to the second position 
by any suitable type of motion. For example^ it may be pivoted about a pivot located 
near or at an end of the strengthening member. 

For example, at least one, preferably 2 and preferably at least 3 or 4 strengthening 
members may be pivoted centrally adjacent to the front windscreen. At least one 
strengthening member and preferablj' at least 2 strengthening members may be provided 
pivoted at each respective edge of the front windscreen. The pivot may be located oxi 
the lower edge or adjacent the upper edge of the Avindscreen. 

The pivotLQg motion may be driven by a drive acting on the pivot itself or b^^ a linkage 
acting at a position on the strengthening member displaced from the pivot, for example 
at the end of the strengthening member. 

The strengthening member may be moved into position b)' extending substantial^ 
linearly. For example, it ma^' comprise a telescopic structure having at least one part 
telescopically moveable with respect to a second part. The strengthening member may 
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comprise a first part and a second part movable along the first part, the movement of the 
second part being guided by movement of a sliding member formed m one of the first 
and second parts in a track fonned in the other of the second and first parts. 

The strengthening member may be moved into position by sliding it into position. It 
may shde for example from a respective lateral edge of the windscreen. It may slide 
from the top edge of the wmdscreen or from the bottom edge of the wmdscreen. 

The extending roUbars disclosing EP-A-1 1 86483 may be adapted for use in the present 
mvention. In order to be used in the present mvention, they must be configured so that 
they extend between structures of the vehicle in the extended position. 
The first and second parts may be mounted adjacent the top of the windscreen m the 
first position or adjacent the bottom of the windscreen of the first position. They may 
be configured to move to any point to reach the second position. For example, they may 
be configured to move to respective comers of the windscreen, for example comers 
opposite to tiie comer at which tiie respective parts are located in the first position. 

Preferably, tiie stiengtiiening member comprises a plurality of strengtiiening member 
units articulated togetiier and which are moved by a combination of any of rotation, 
extension, or sliding. In this way, a strengtiiening pattern can be provided comprising a 
number of strengthening member units extending over tiie area of tiie front windscreen. 

Preferably, an engagement member is provided for fixing tiie stiengtiiening member in 
position in the second position. 

For example, tiie strengtiiening member may be configured to move from tiie first 
position so that it engages a fixed engagement member and is held m position by tiie 
engagement member when in tiie second position. A locking member which is integral 
with tiie strengtiiening member may be provided, for example being in tiie form of a 
toggle lock. 

The stiengtiiening member itself is suitably of a shape suchtiiat, when in tiie second 
position, it does not substantially obstruct the vision of tiie driver. Preferably, the 
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strengthening member is configmred so that, in the second position, it is still possible for 
the driver to see through at least part of the lower half of Ihe windscreen. This is the 
part of the windscreen through which the driver noimally looks when in the driving seat 
and it is important that it should be possible to see through it even when the 
strengthening member has been extended, in the case of an accident. 

It is preferable that the strengthening member is dimensioned so that it v^dll not prevent 
the driver seeing an object which is at least two metres from the windscreen, when the 
driver uses binocular vision and without requiring the driver to move the driver's head. 
A balance will be sought between the need to provide a strengthening member Avhich is 
sufficiently large to be strong with the desire to minimise obstruction of the field of 
vision. Suitably, the strengthening member will have a width as seen by the driver of 
less than 5cm. This can be achieved where a plurality of strengthening members or 
strengthening member units are provided which together form a protection adjacent the 
front windscreen. 

In a preferred embodiment, the strengthening member may be configured so that it is 
attached to a web of material which the driver can see, the web of material being drawn 
across at least part of the front v^ondscreen when the strengthening member is extended 
to the second position. This web can be provided in order to catch debris, for example 
broken glass which can be very hazardous. It may be formed of a mesh or of a 
transparent or semi-transparent material, so that it does not obstruct the vision of the 
driver excessively. It may be made of any suitable material, for example a carbon fibre 
or Kevlar (T M) mesh. 

In one embodiment of the invention, a strengthening member is provided ^vhich is 
movable between a first position stored in the front of the vehicle v^dndscreen and 
substantially not visible to the driver and a second position in which it extends adjacent 
to and in front of the veliicle windscreen. This can be used in combination with a 
system for raising the bonnet at the same time as the strengthening member is moved 
from the first position to the second position. The raised bonnet can provide a 
cushioning effect. The distance by which the bonnet raises may be controlled so that it 
does not obscure the vision of the driver excessively. If the bonnet is raised in this 



wo 2005/092671 PCT/IB2005/000985 

23 

fashion, it is suitably pivoted at Hie front and raised at the rear, so that wind resistance 
does not caiise it to tear. The bonnet may be constructed in a conventional way or it 
may be provided vdth additional strengthening. It may be ribbed for additional strength. 
Alternatively, it may be perforated so that it is partly transparent to further reduce 
impact on the visual field of the driver. It may partly or completely be constructed of 
transparent material. 

The inventor has realised that the increased stif&iess provided to the vehicle frame can 
be used to provide a mounting for an aerofoil extending to the rear of the vehicle. This 
aerofoil may be integral with the bumper structure of the vehicle. Preferably, the 
aerofoil is constructed so that air can flow over its top and bottom surfaces in such a 
way as to generate down force on the rear of the vehicle. This can be valmble when 
increased road holding is required. For example, this may be required when negotiating 
tight bends or when braking sharply. 

However, an aerofoil constructed in this way can lead to increased air resistance. 
Accordingly, it is frirther preferred that closing means be provided which can be used to 
selectively close the airflow over the top surface of the aerofoil. For example, a shutter 
may be provided wliich has a jSrst position in which it does not interfere with airflow 
over the top of the aerofoil and a second position in which it closes the airflow over the 
top surface of the aerofoil. Suitably, the shutter in the second position touches the 
leading edge of the aerofoil, to provide a smooth transition with minimal air resistance. 
The shutter may slide or rotate into position: 

To optimise stability during avoidance manoeuvres or cornering, the shutter may be 
split along the centre line of the vehicle, the spht sections being operable independently 
to the left and right of the line. The split aerofoil may be selectively operable in a 
cornering mode, in which one is operated differentially with respect to the other, or in a 
braking mode, in which both sides are operated together. Thus, a do-svn force can be 
appUed on the inside wheels in ciirves or to equalise the load on both side wheels when 
braking. 



The closing means may be operated by any one of: 
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A driver operated mechanisin 

An automatic mechanism. The automatic mechanism may respond to motion 
sensors which detect the motion of the car (rapid turning, rapid braking), sensors 
for sensing application of the brake pedal, sudden movements of the steering 
wheel etc. 

This structure is considered to be inventive in its o^vn right and the present invention 
accordingly fixrther provides a vehicle comprising a rear bumper extending from the rear 
of the vehicle, the rear bumper being configured as an aerofoil having a top surface and 
a lower surface, the aerofoil being mounted so that, in at least one position, air can pass 
over the top surface. 

In this aspect of the invention, shutter means are preferably provided for preventing 
airflow over the top surface. 

The first, second and third aspects of the invention may be combined in a vehicle. A 
vehicle may comprise a strengthening member as defined for the first or second aspect 
of the invention, as well as a structure according to the second aspect of the invention. 

The present invention v^U be further described vAth reference to the accompanying 
drawings in which: 

Figure 1 shows a sketch isometric view of the strengthening member according 
to the first aspect of the present invention. 

Figure 2 shows tlie strengthening member of Figure 1 mounted in a vehicle. 

Figure 3 shows how the strengthening member of the invention can be used to 
protect the ^vindscreen against collision \vith large mammals. 

Figures 4-7 show front or rear views of windscreens including various different 
embodiments of the strengtliening member according to the present invention. 

Figure 8 shows the strengthening member of Figure 1 constructed in three parts. 

Figures 9-14 shows schematic cross sections of a number of different tj^Des of 
vehicle incorporating strengthening members according to the present invention and 
optional internal additional strengthening members. 
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Figure 15 shows the effect of the strengthening member of the present invention 

on the field of vision of the driver. 

Figures 16-21 show different embodiments of strengthening member placed 

adjacent a v>indscreen. 

Figure 22 is a sketch isometric ^dew of a further embodhnent of strengthening 
member for placing adjacent the windscreen, which is also according to the third aspect 
of the invention. 

Figure 23 shows the effect of the visual field of the driver of the strengthening 

member of Figure 22. 

Figures 24-25 show embodiments of the vehicle incorporating strengthening 

members of the present invention. 

Figures 26a and 26b show the relationship of the strengthening member of 
figure 22 and new designs of a pillar in a vehicle. 

Figure 27 and 28 show fiirther embodiments of vehicle, incorporating a rear 
mounted aerofoil definmg a bumper. 

Figures 29A - 29C show the movement a strengthening member according to 
the second aspect of the invention from a first position to a second position according to 
the invention. 

Figure 30 shows a schematic part cross sectional view showing further 
reinforcing members which may be mcorporated in a vehicle. 

Figures 31-34 shows steps in the movement of a reinforcmg member from a first 
position to a second position according to tiie invention. 

Figures 35-37 show an embodiment of a reinforcing member incorporated in die 

bonnet of a vehicle. 

Figures 38A - 38C show steps in the movement of another embodiment of 
strengthening member according to the invention firom a first position to a second 
position. 

Figure 39 shows a fiirther embodiment of a strengthening member. 

Figures 40A-40C, 41 A-41C, 42A-42C, 43A-43C, 44A-44C 45A-45C, 46A-46C, 
47A-47C, 48A-48C, 49A-49C, 50A-50C, 51A-51C, 52A-52C, 53A-53C and 54A-54C 
show steps in the movement of various embodiments of stiengthening member 
according to the invention firom a first position to a second position. 
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Figxires 55-62 show various embodiments of strengthemng member according to 
the second aspect of the invention. 

Figure 61 and 62 show further embodiments of pivoting strer^hening member 
according to the second aspect of the invention. 

Figures 63-74 show various embodiments of strengthening member according to 
the &st aspect of the invention, mounted in a racing car. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figures 1 and 2 show a first embodiment of strengthening member and a vehicle 
comprising the strengthening member according to tiie present invention mounted 
inside the passenger compartment. A strengthening structure 1 comprises a 
strengthening member 2 according to the invention which, when assembled, extends 
adjacent the front windscreen 3 of the vehicle. The strengthening member 2 is 
connected to a second strengthening member which comprises a pair of ribs 4 which are 
substantially parallel to one another and which are placed inside and contacting the roof 
structure 5 of the vehicle. The t^vo ribs 4 come together at a point where they contact a 
third strengthening member 6 which in use contacts the rear window 7 of the vehicle. 
The vehicle shown in figure 2 is accordingly provided with additional support for each 
of the Vkdndscreen 3, roof structure 5 and rear windscreen 7. The support is located 
between the edges of the structures and directly in contact with them, on the inside 
whereby considerable support can be obtained. It can be seen that the strengthening 
member 2 comprises a number of webs with lightening holes, for example 8 as sho^vn 
in first section 2 in figure 1, to make the stracture light and to minimize impact on the 
driver's field of view. However, with correct design as is well known in the art of the 
design of girders, beams and other strengthening members, this may have no substantial 
effect upon the strength of the design. 

In figure 1, the different part 2,3 and 6 are shown connected together. They may be 
comiected together by a suitable means. 

Further, each of the strengthening member 2, 3 and 6 will be fixed firmlj'^ in use onto 
structural parts of the vehicle, including the section of the firont stmcture adjacent to the 
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dashboard, the top Same on the front window, the top frame of the rear window and the 
part of the rear structure adjacent to the rear window. They may be fixed using 
adhesive. 

Figure 3 shows how the strengthening member 1 can provide additional protection in 
cases of collision with large objects. A coUision, even at nomial speeds, with an object 
which is Mgh or large enough to impact the windscreen can result in severe damage to 
the vehicle and danger to the passengers. For example, the entire roof section may be 
torn from the vehicle. This kind of hazard can be produced in forested or isolated areas 
for example, by a large mammal, in the case of figure 3, a moose. It can be seen that 
in a collision, the animal Avould contact tlie windscreen but damage to the vehicle and 
hazard to the passengers will be minimized by the additional strength given to the 
windscreen by the strengthening member. 

Figures 4-7 show various embodiments of strengthening member 1. Figure 4 shows a 
strengthening member which is substantially the same as shown in figure 1 . Figure 5 
shows a similar structure but the upper part of the Y is solid, rather than comprising two 
separate arms. 

It is not necessary to have two separate arms if the maiu part of the strengthenuig 
member 2 is sufiBciently strong, and a single rib 8 may be used as shown in figure 6. 
Altematively, a pair of substantially parallel ribs 12 may be used as shown in figure 1 1. 
Similar structures may be adopted for the third section 6. 

Altemativel3% a pair of substantially parallel ribs 9 may be used as sho\vn in figure 7. 
Similar structures may be adopted for the ihiid section 6. 

The whole windscreen frame can be manufactured all in one piece from any composite 
material. The integral structure may comprise any or all of the strengthening member, 
a pillars and Instrument Panel-beam (IP-beam). The instrument panel and dashboard can 
thus be integrated only requiring padded interior finish to comply v^dth cushioning 
shock-absorption directives or feasible design finish preferences. 
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Such one piece production is considered feasible for a balanced blend of composite 
materials, as a one piece design may facilitate integrity of strength, and be cost efficient 
with economy of scale aspects saving assembly time, material consumption and 
logistics. 

Figiire 8 shows a strengthening stracture substantially as shoA\Ti in figure 1 but in which 
the strengthening members 2, 3 and 6 are constructed separately and subsequently 
joined together. They may be joined by any suitable means, for example mechanical 
connections such as bolts, fitted joints or by adhesive or by welding. 

Figures 9-14 show how different embodiments of the strengthening member of the 
invention may be provided for various different types of vehicle. 

Each of the drawings in figures 10-14 also show optional additional strengthening 
members extending from the chassis of the vehicle to the roof structure for additional 
crush resistance. 

Figure 9 shows a soft-top vehicle in which there is only a strengthening member 10, 
adjacent the \\dndscreen. All the other vehicles shown in figures 10-14 have hard tops 
and each comprises a strengthening structure which extends continuously from the front 
stmcture to the rear structure, providing support for all of the front ^vindscreen, roof 
stmcture and rear windscreen. 

Figxires 15 shows the field of view of a driver in a vehicle fitted with a strengtherdng 
member according to the present invention. The vehicle shown is a left hand drive type 
of vehicle. It can be seen that the field of view is still very ^vide to the driver's right. 
In fact, the angle of the driver, a, which is restricted in practice by the a-pillar of the 
vehicle is smaller than the angle p. 

In figure 16, the strengthening member 12 comprises a solid filament of transparent 
material. It can be seen that, along its front edge 13, it does not abut the windscreen 15 
directly. It abuts the windscreen 15 in the section 14, at the top providing direct support 
for the windscreen. In practice, it is preferably adhered to the windscreen using 
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conventional high strength adhesive. The lower edge 16 it is fixed to the structure 
underlying the dashboard. 

Figure 17 shows a different embodiment of the strengthening member 17 which 
comprises an additional strut 18 which projects rearwardly and contacts the dashboard. 

Figure 18 shows similar design of strengthening member 19 which comprises a 
Ughtening hole 20 in a position in which it will not substantially reduce the strength of 
the structure. 

Figure 19 shows a different design in which a thin filament 21 underUes the top part 
windscreen, providing support, whilst a substantially vertical section 22 extends 
upwardly towards the roof providing strong additional support for the roof against 
rollover roof crush. 

Figure 17 shows an embodiment in which a soUd structure 23 is provided with a 
plurality of lightening holes 26. Figure 1 8 shows a different embodhnent 26 m which 
the lightening holes 25 are of a different shape. 

Figure 22 is sketch isometric view of a particularly preferred embodiment of 
strengthening member 27 for use adjacent to the firont ^vindscreen of a vehicle. 

It is also an embodiment of a strengthening member according to the third aspect of the 
invention. 

It comprises a first longitudinally extending member 28 which is swept back at an 
angle corresponding to the angle of the wdscreen of the vehicle to which it is to be 
fitted. There are a pair of second longitudinally extending units 29 and 30, which are 
swept back at the same or substantially the same angle as the first member 28. They are 
joined to the first member by struts 31 at the bottom and 32 near the top. The stmts 31 
and 32 are not horizontal, to minimise visual intrusion. The longitudinaUy extending 
members 28, 29 and 30 join a pah of a v-shaped mounting members 33 and 34 which 
are for engaging the structure of the vehicle above the windscreen (or the top of the 
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windscreen) and the structure of the vehicle below the windscreen respectively. The top 
of tlae V-shaped member 34 is shov^oi hatched to indicate an area w^ere adhesive may be 
applied to form a bond ^^dth the top structure of the vehicle. Alternatively, mechanical 
connections such as screws and bolts ma)^ be used. Similar connecting means ma.y be 
used in the lower v- shaped part 33. 

Members 28, 29 and 30 have more than 65mm open space betsveen them. Members 28, 
29 and 30 are narroAver than 65mm, preferably narrower than 55mm or 50mm in the 
horizontal plane when seen from the drivers' position, and more preferably less than 
40mm. The struts 3 1 and 32 at their narrowest are narrower than 65mm and preferably 
narrower than 50mm. 

This lattice design can be cut and folded from one sheet of material into the final 
shape. Laser-cutting, hydro-forming, welding if required, or any manufacturing 
technique may be used. 

Honeycomb sandwdch structure composite materials of any nature may be used 
depending on strength/cost requirements (Steel/titanium/Kevlar/Kevlar/ plexi/reinforced 
polyamide 66/Glassfibre-reinforced PP, or any new alloy). 

The width of each of the longitudinally extending members 28,29 and 30 and the struts 
32, 3 1 presented to tiie driver does not exceed more than 50% of the minimum normal 
eye spacing of drivers, being not less than about 3cm. All of the members are tilted so 
that they do not form an obstmction to seeing horizontally extending objects. Many 
objects on the road are either generally vertically extending, such as cycUsts, the sides 
of vehicles, roadside ftimiture, or horizontally extending for example the super structure 
of many vehicles. Figure 23 shows how the obstruction of the driver's field of view is 
minimised by the structure of Figure 22. 

The structure 27 is located adjacent to the front windscreen 36 located approximately 
Im from the driver 37. The width W of the longitudinally extending numbers of the 
structure 27 presented to the driver are less than 3cm, so that the area (shown cross 
hatched) which is not visible to either eye of the driver 37 is minimised. It can be seen 
that the area which is not visible to the driver extends for a distance of approximately 
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Im from the structure. As this distance is less than the nonnal distance to the front 
bumper of the vehicle, it is clear that no object which is on the road vnO. be obscured. 

Figure 23 also shows that the a-pUlar 38 may be constructed using a similar structure to 
that shown in figure 22 so tiiat the obstruction of vision by the a-pUlar is minimised as 
well 

Each a-pUlar 38 is most preferably constructed so that it comprises a first longitudinally 
extending member which is swept back at an angle corresponding to the angle of the 
windscreen of the vehicle to which it is to be fitted. There may be one or two second 
longitudinally extending units which are swept back at die same or substantially the 
same angle as the fii'st member 28. They are joined to the first member by struts at the 
bottom and near the top. The struts are not horizontal. 

The longitudinally extending members have more than 65mm open space betvN^een 
them. The longitudinally extending members are narrower than 65mm, preferably 
narrower than 50mm in the horizontal plane width when seen from the drivers' position, 
or more preferably less than 40mm. 

As for the strengthening member 27, the a-pUlar can be cut and folded from one 
sheet of material into the final shape. Laser-cutting, hydro-forming, welding if required, 
or any maniifacturing technique may be used. 

. The whole area of the drivers field of vision subtended by the a-pillar 38 is shown at 
39. It can be seen that this comprises a central area, lightly hatched, 40 which in 
practice ^vm be visible to the driver using the design according to figure 22. This area 
would not be visible using a conventional design of a-pillar. The area, deeply hatched, 
not visible is clearly verj' small and does not extend for a significant distance beyond 
the a-pillar. 

As can be seen in figure 23, the relative positions of linearly extending structural units 
of each of the a-pUlars and the strengthening member are adjusted so that at least two 
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line up in the filed of vision to thereby minimise obstruction of the field of view of the 
driver. As a result, the arrangement is not symmetrical. 

The structural units of the strengthening member 27 and the a-pillars 38 are aligned 
asymmetrically with respect to the centre line of the vehicle, so that tliey align ^vith the 
driver's filed of vision to minimise visual impact 

The vkdndscreen 36 is made so wide as to be directly adjacent to the side- windows of the 
doors, when seen firom the exterior (wder than most standard cars made in 2005). 

Member 38 on the right side of the vehicle, and member 38 on the left side of the 
vehicle are each bonded to the windscreen which leaves member 27 with some space to 
the windscreen in order to benefit firom the laminated windscreens inherent shock 
cushioning properties in the event of collisions for example, with pedestrians. 

In the a-pillars 38, one or two of the longitudinally extending members are bonded to 
the windscreen, the others being spaced fi-om it to provide a shock absorbing capacit5^ 

Figure 24 shows a schematic side view of a vehicle comprising a plurality of 
strengtbening members. There is a strengthening member 41 accordmg to the present 
invention adjacent the windscreen and an additional strengthening member 42 adjacent 
die roof. 

The a-pillar 43 is constructed with spaces in it, shown in Figxire 22 to enhance the view 
forward and to the side as described above. The b-pillars 45, c-pillars 44 and the rear 
structure 46 are formed m a conventional manner. However, the inventor has realised 
that all of these structures may be made of light material vn1h spaces in the structure to 
enhance the view all round as sho^vn in figure 25. Here there is a strengthening member 

47 according to the invention adjacent to the firont windscreen, a strengthening member 

48 adjacent the roof, a strengthening member 49 adjacent tlie rear ^vindscreen and 
perforated structures 50, 51 and 52 defuiing the a-, b-, and c-pillars. This creates a very 
open "cage" through which the driver obtains a clear all round view. 
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Figures 26A and 26B show further views of a vehicle incorporating a strengthening 
member according to Figure 22 and a-pillars constructed according to the same 
principles as the structure shown in Figure 22. 

Figure 27 and 28 show views of vehicles corresponding to figures 24-25 further 
incorporating a rear mounted aerofoil 53. 

The rear mounted aerofoil 53 also defines the rear bumper structure. Conventional 
materials for the rear bumper structure may be provided. However, an upper surface 
53 A of the rear mounted aerofoil is configured so that it is spaced from a surface 53B of 
Ihe vehicle, to define an ahflow passage. This airflow passage is configured so that air 
flowing under the vehicle is deflected over the top surface of the rear mounted aerofoil. 
The passage is configured so that a down force may be generated, for pushing the rear 
of file vehicle more firmly in contact with the road. This can be beneficial for steering 
and braking. 

A dotted line 53C shows the extended position of a shutter. This shutter may have a 
first position (not show) in which it is stored, for example behind the rear wheels of the 
vehicle, and a second position in which it extends across the opening to the airflow 
passage formed between the surfaces 53A and 53B. hi this way, airflow over the top of 
tiie aerofoil can be prevented. This aUows drag created by the aerofoil to be minimised 
in conditions where the additional down force on the rear of the vehicle is not required. 

The shutter may be divided along the centre lioe of the vehicle into left and right 
portions. In a first mode, the left and right portions may be operated together to 
enhance breaking, hi a second control mode, the left and right portions may be 
independently operable to enhance load on one side of the vehicle, on the inside of a 
curve during cornering, to improve road holding. 

Figures 29 A-29C show how a strengthening member according to the second aspect of 
the invention can be moved from a first, storage position adjacent the roof 54 of a 
vehicle, to a position inside the windscreen 55 of tlie vehicle when operating means for 
mo\dng the movable strengthening member 56 are activated. Further details are • 
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provided in figures 31-34, which show how the strengthening member 56 slides a long 
curved path from a storage position adjacent a strengthening member 57 which is 
adjacent the roof, to a second position in which it Ues behind the windscreen 55 and 
extends between the front structure of the vehicle below the ^vindscreen and the front 
structure of the vehicle above the windscreen, thereby providing a firmly anchored 
reinforcement behind the windscreen. 

Fig.29A and Fig 29B can also be descriptive of a static strengthening member according 
to the first aspect of the invention where the central Alpha-pillar is not entirely 
connected all the waj^ from the upper \vindscreen-frame to the lower windscreen- 
fi-ame/dashboard/instrument-panel-pillar. The strengthening member can have structural 
and deflective safety properties while having an opening, or a partial opening, at some 
area in front of or below the typical position of the interior rear-view-mirror. 

Figure 30 shows how an intemal fixed engagement structure 58 can be provided which, 
in the second position engages the bottom of the strengthening member at the point 59 
so that a strong resilient structure is provided. For example, the strengthening member 
may abut the engagement structxxre or lock into it. 

Figures 35-37 show an embodimient of the second aspect of the invention in which a 
large object such as a moose 59 is detected by a sensor 60 mounted in the vehicle, so 
that a moving means described below is actuated. The detection may be for example by 
short range radar or by a fhennal detecting system which is configured to be able to 
identif}^ the infrared emission of a manunal. The detector may be configured to 
distinguish the infrared emission of for example an exhaust pipe which is as a relatively 
high temperature from that of a mammal which is at normal body temperature. 

When the object 59 is detected, the bonnet 61 of the car is raised to provide a deflecting 
structure. However, it is not raised so liigh that it will interfere with the line of vision of 
the driver. The windscreen still has to be protected. The ^vindscreen is protected in this 
case by a further strengthening member 62 which is stored undemeath the bonnet 61 in 
a storage position and which is moved by the moving means to the position shown in 
figure 36 when the object is detected. 
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The top view shown in figure 37 shows that the strengthening member 62 comprises a 
grid of longitudinal members which are parallel to the direction of motion of the car and 
horizontal members 63 winch are transverse to the direction movement of the car. This 
forms a fomi of grid across the windscreen for protecting the whole of the windscreen 
from impact. A strengthening member 64 according to the furst aspect of the invention 
and extending from the front of the vehicle to the rear of the vehicle is provided to 
provide a fiirther support which the reioforciag member 62 can engage. 

Figures 38A-38C show a further embodiment of strengthening member according to the 
second aspect of the invention. The vehicle is shown rollmg from a critical position in 
figure 38A at which a sensor can detect that rollover is inevitable. When this condition 
is detected, operating means m the form of springs (not sho^vn) are activated to move a 
strengthening member 65 comprising a plurality of strengthening member units 66 from 
a storage position in which tlie sections are stored adjacent the a pillars and the roof of 
the vehicle. Figiire 38 shows an intermediate position during the movement of the 
strengthening member units 66 and figure 38C shows the sfrengthening member in the 
final position. 

Engagement members can be provided for example on the roof structure at the points 67 
and on the structure in front of the windscreen at the points 68 which are configured so 
that they engage tlie strengthemng member 65 when it is in the final position so that it 
will lock into position. There may be a simple arrangement whereby a part of the 
strengthening member moves into a position m which it physically engages the 
engagement member, movement of the strengthening member %vith respect to the 
engagement member in the direction of impact being prevented by shnple obstruction. 

It can be seen that the strengthening member shown in figures 3 8 A-C comprises a fixed 
structure 69 in which the telescopic central strengthening member unit 70 is stored. As 
tins is at the top of the windscreen, it does not interfere with the normal vision of the 
driver. 



wo 2005/092671 PCT/IB2005/000985 

36 

Figure 39 shows a corresponding design, except that there is no central telescopic 
member unit 70. 

Figures 40A-40C, 41A-41C, 42A-42C, 43A-43C, 44A-44C, 45A-45C, 46A-46C, 47 A, 
47a 48A, 48C, 49A, 49C, 50A-50C, 51A-51C, 52A-52C, 53A-53C, 54A-54C each 
show further embodiments of strengthening member according to the second aspect of 
the invention. In each case, the figure designated A shows the vehicle at an angle at 
which a sensor will detect that rollover is inevitable. At this point, operating means (not 
shown) which may be the form of a motor, spring loaded drive or any other suitable 
means, moves a strengthening member. Li the positian shown in the figure designated 
C, the strengthening member locks into position adjacent engaging members, which are 
not shown in detail, to provide a strong support. 

In figure 40C, the strengthening member comprises a rigid bar 71 which draws a 
flexible see-through mesh 72 across the fi^ont wndscreen, through which the driver can 
see but which v»dU arrest broken glass and other debris which might strike the driver. 

In figure 41 C, the strengthening member is provided by strengthening member imits 
which are in the form of articulated arms with sUding pivots 74 which move firom a 
storage position adjacent the edges of the windscreen to a second position shown in 
figure 41C in wliich they lock into position behind the ^vindscreen. The sliding pivots 
74 may form a toggle lock so that the strengthening member 73 is held rigidly in the 
position sho^vn figure 4 1 C. 

In figure 42C, it can be seen that the strengthening member comprises strengthening 
member units which slide firom storage positions adjacent the screen to define a grid 
extending across parts of the screen, through which the driver can still see. Similarly, in 
figure 43 C the strengthening member comprises a number of units which extend, slide 
or pivot into position. Similar comments apply to the remaining embodiments. 



In figures 55-57, various fiirther types of strengthening member are shown. 
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Figure 58 shows how a pluraUty of strengthening member vmts 75 can be provided 
which pivot upwards from a storage position adjacent the lower edge of a windscreen to 
a second position in which they he adjacent to the windscreen. 

Figure 59 shows in more detail a strengthening member according to the second aspect 
of the invention. Tlie strengthening member is comprised of a number of strengthenmg 
member units. There are two linearly extending strengtliening member units 76 which 
are mounted m telescopically loaded mountings 77. In the storage position (not shown) 
the strengthening member units 76 do not extend beyond the lower edge of the 
wmdscreen and are not visible to the driver. When an hnpact, approaching object or 
rollover condition is detected, the sfxengthening members are released and moved, 
under tlae influence of the springs to the second position in which they come to rest m 
comers of the wmdscreen where they engage against parts of the frame in which the 
^vindsc^een is held so that movement of the extended strengthening member units into 
the vehicle is prevented. 

There is a further strengtliening member unit 78 which comprises a three component 
telescopicaUy extending unit. In the storage position (not shown) it is mounted m a 
spring load storage means 79. When a crash, approacMng object or rollover is detected, 
the strengthening member unit 78 is released and, under mfluence of the spring, extends 
upwardly until it engages a structure 79 which holds it so that movement back into the 
passenger compartment is prevented. In this way, a strong structure is established 
across most of the windscreen. 

In Figure 60, a strengthening member is shown which comprises two strengthening 
member units 80. Each strengthening member unit 80 comprises an arm having two 
arm sections 81,82 which are hinged in the middle at a hinge 83 . The free end of each 
arm 82 is pivoted adjacent a lower edge of the windscreen at 84. The free end of the 
otlier arm 81 is mounted on a slider 85. The sUder is acted against by a spring 86. The 
spring is held in a sprmg housing 87 which itself is pivoted at the bottom 88. In the 
storage position (not shown) each shder 85 is held near the base of the unit 87 so that 
the spring 86 is tightly compressed. In this position, each arm 82 comes to rest adjacent 
the lower edge of the wmdscreen but not visible to the driver. When an impact, rollover 
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or approaching object is detected, an actuator releases each slide 85 so that it moves 
very quickly along Hie unit 87 to the top, raising each arm 82 and 8 1 so that a brace 
structure is formed adjacent the windscreen for resisting impacts. In the second 
position, the top parts of the amis 82 each come to rest in engaging means 89 which 
hold them so tliat movement in the longitudinal direction of the vehicle is resisted. 

Figure 61 shows a further embodiment of strengthening member according to the 
second aspect of the invention, hi this case, pivoting strengthening members 90 are 
moved jfrom a first position in which they he adjacent to the front windscreen but below 
the level thereof, upwards to a second, reinforcing position by operating means in the 
form of a common spring 91. 

Figure 62 shows a variation of this design in which the pivot points 92 of pivoting 
strengthening members 93 are located further apart than sho^TO in figure 61 . 

Figures 63-74 show various embodiments of strengthemng member according to the 
first aspect of the invention, mounted in a racing car. hi each case^ a fixed 
strengthening member is mounted in firont of the driver and is configured so that it will 
not substantially interfere ^vith the field of vision of the driver. Further, it is mounted in 
each case so that it does not substantially interfere with airflow entering the intake for 
the engine/cooler at the rear of the vehicle. 

Figures 63,64 and 65 show various views of a first embodiment, in which a narrow, 
longitudinally extending web at the front of tiie member protects the driver from impact 
from objects to the front It is supported at the rear b3^ narrow lateral members 95. 

Figure 66,67 and 67 show views from different directions of a second embodiment of 
reinforcing member according to the first aspect of the invention applied to a racing car. 
It simply comprises an upstanding strengthening member 96 extending from front to 
rear of the vehicle. A lightening hole 97 is formed at the bottom to reduce the weight 
while allowing a strong, arched structure to be formed. 
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Figure 69 and 70 show a furtiier embodiment of strengtiiening member 97 which is 
similar to that shovm in figures 63-65. Similarly, figure 71 and 72 show a fourth 
embodiment of strengtitiening member 98 which is similar to that shown in figures 63- 
65. 

The strengthening members of fig.63, 64, 65, 66, 67 and 68 may be made static, 
according to the fnst aspect of the invention and as seen in the drawgs, or as an active 
pop-out dynamic system according to the second aspect of the invention. They may be 
pre-tensioned, or activated by other means. They may be triggered by ITS micro 
chipped sensor systems similar to all systems for fig. 29 through to fig. 62. 



Figure 73 and 74 show a strengthening member which has two forwardly mounted 
strengthening member units 99 which are connected at the rear to a lateral arch member 
100. 

Strengthening members and strengthening structures described indi^ddually above may 
be combined in any suitable configurations in a vehicle. 

For example, a dynamic pop-out protective curtain as shown in fig. 40A, 40B and 40C 
may be used in combmation with the strengthening member of fig 26 A and 26B. They 
may be used in combination with air-bags on the outside and/or inside of the 
windscreen. 

The present invention has been described above by way of example only and 
modification can be made within the invention, which extends to equivalents of the 
features described. The invention also consists in any mdividual features described or 
impUcit herein or shown or unplicit in the drawings or any combination of any such 
features or any generalisation of any such features or combinations. 



